Noise is one of the factors that induces critical stress in animals. The contents of glycogen, lactic acid and cholesterol in the liver of noise-stressed rats were analyzed in order to investigate the alleviation of noisestress-induced physiological damages by traditional medicine using Astragali and Rhodiolae radices. More than 95 dB noise ranging from 2 to 4 kHz reduced the contents of these compounds in the liver of rats not injected with the extract of Astragali or Rhodiolae, but did not change the contents in the liver of rats injected with the Astragali or Rhodiolae extract. These results show that noise induced stress in the rats via a decrease in contents of these compounds in the liver and that Astragali or Rhodiolae maintained the contents of these compounds in the liver of the noise-stressed rats. The results indicate that Astragali or Rhodiolae improved the ability for rats to resist noise stress.
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Noise has auditory and non-auditory eŠects on the behavior of animals including humans and has therefore been extensively studied. The non-auditory and auditory eŠects induce a disturbance of the cardiovascular, endocrine and some movement systems, as well as sleep, neuropsychic response, mental work and so on. 1, 2) Noise, dust and nitrogen oxides have signiˆcantly increased the methemoglobin level and changed the erythrocyte metabolism of industrial workers, the activation of glucose-6-phosphate dehydrogenase and pyruvate kinase, and the in vitro production of lactic acid in erythrocytes.
3) Noise stress has decreased the blood cholinesterase activity and the glycogen content in the liver of rats. 4) Chronic exposure to noise has changed the activity of glucose-6-phosphatase and the contents of glycogen and periodic acid SchiŠ (PAS) reaction-positive substances in the liver of guinea pigs. 5) In respect of the hepatic noradrenergic innervation in albino rats exposed acute acoustic stress, an 8 h treatment induced a signiˆcant increase in the catecholamine content, in addition to a non-homogeneous response to the PAS reaction by hepatocytes surrounding the portal spaces or the lobular central veins. 6) Noise stress has aŠected mainly the postreceptorial mechanism linked to b-adrenoceptors rather than their density or a‹nity.
7)
Astragali and Rhodiolae are two kinds of traditional Chinese medicines which have been studied more in recent years. Sodium selenite and the tincture from Astragali grass reduced the contents of malonic dialdehyde and dienic conjugates to inhibit free radical oxidation in whole blood and liver homogenates. 8) Both Acanthopanax and Rhodiolae exert a strong protective action against a lethal heat shock. These adaptogens also signiˆcantly protect against the negative eŠect of superoxide radicals induced by menadione. The deˆnition of phyto-adaptogens as being universal enhancers of non-speciˆc resistance against diŠerent kinds of stress conditions has been conˆrmed. The phyto-adaptogens did not induce the synthesis of any heat shock proteins (hsps). 9) Polymer proanthocyanidin from R. semenovii, named epihalochin, has been found to exhibit a pronounced antihypoxic eŠect in diŠerent models of hypoxia (hypoxic, cytotoxic and hemic) to relieve the hypoxic isolated heart contracture. 10) Rhodiocyanoside A and B exhibitory activity on the histamine release from rat peritoneal exudative cells sensitized against anti-2,4-dinitrophenyl IgE and rhodiocyanoside A has shown antiallergic activity in a passive cutaneous anaphylaxis test on rats. 11, 12) The antitumor and antimetastatic eŠects of cyclophosphan (cyclo-phosphamide) are potentiated by extracts from Baikal skullcap, Rhodiolae, common licorice, and by their principal acting components, baikalin, paratyrosol and glycyrram. 13) The extracts from Rhodiolae rosea L. roots has aŠected learning ability and memory. 14) Moreover, Astragali radix has suppressed the change in glycogen content in rat liver caused by non-auditory noise. 15) However, there have been few studies on the change in physiological and biochemical conditions of a rat subjected to only non-auditory noise and suppression of the changes by any traditional Chinese medicine. This paper focuses on an analysis of the glycogen, lactic acid and cholesterol contents in the liver of rats exposed to and not exposed to noise, and an assessment of the improving eŠects of Astragali radix and Rhodiolae radix on the changes caused by noise.
Materials and Methods
Animals. Two-month-old female Wistar rats whose weights were 180 to 200 g were kindly provided by Experimental Animals Laboratory of Dalian Medical University. The rats were treated in accordance with European Union Directives (86 W 609 W EEC) for laboratory animal care and were fasted for 60 min before noise exposure.
Noise application. The equipment to produce the noise was kindly provided by Acoustics Institute of Nanjing University. The rats were exposed to the noise (75 dB, 95 dB and 110 dB, between 2 and 4 kHz) for 30, 60, 90 or 120 min.
Preparation of the extracts from Astragali radix and Rhodiolae radix. Astragali radix or Rhodiolae radix (130 g) was added to 100 ml of distilled water. This suspension was decocted for 30 min and then the boiled solution wasˆltered through gauze. The residue was decocted for 30 min again andˆltered throngh gauze. The collectedˆltrate was evaporated to 150 ml in a boiling water bath. The concentrated solution was added to 100 ml of 95z ethanol, shaken and kept overnight at 49 C. The supernatant was transferred to a new ‰ask. The sediment was washed 3 times with 100 ml in total of 95z ethanol. The supernatant was mixed with the collected washing solutions. The mixed solution was put in a boiling water bath to evaporate the ethanol. The concentrated solution was diluted in physiological saline water to 65 ml to obtain theˆnal extract solution. Two ml of theˆnal extract solution was injected into the abdomen of each rat. Noise was applied to the rat 30 min after this injection.
Preparation of the liver homogenate. Soon after noise exposure, the rats were killed by decapitation and the livers removed. The livers were then transferred into liquid nitrogen. The frozen liver (0.6 g) was homogenized in 5 ml of 20 mM Tris-HCl (pH 7.6) with a Te‰on-glass homogenizer. The homogenate was centrifuged at 5000×g for 60 min at 49 C, the supernatant being transferred to tubes and stored at -709 C.
Liver glycogen analysis. The hepatic glycogen was dissolved in KOH with Na 2 SO 4 and precipitated with ethyl alcohol. The precipitated glycogen was then dissolved in distilled water to aˆnal volume of 5 ml. The amount of glycogen was determined by the phenol-sulfuric acid method from the absorbance at 490 nm. 16, 17) Liver lactic acid analysis. After 3.5 ml of water and 0.5 ml of 10z ZnSO4 had been added to 0.5 ml of the sample, the mixture was supplemented with 0.5 ml of 0.5 M NaOH and then centrifuged at 600×g for 10 min. One ml of the supernatant was supplemented with 3.5 ml of water, 0.5 ml of 20z CuSO4 and 0.6 g of Ca(OH)2 powder, the mixture being vortexed and kept at room temperature for 15 min. The mixture was then centrifuged at 600×g for 10 min. One drop of 2z CuSO4 and 3 ml of cooled sulfuric acid were added to the supernatant on iced water. The tube containing the mixed solution was put in boiling water for 5 min and then cooled in water. Fifty ml of 1.5z p-hydroxybiphenyl was added to the solution and mixed strongly. The mixture was incubated at room temperature for 45 min while being occasionally shaken. The tube containing the mixture was put in boiling water for 90 s and then cooled in water. The concentration of lactic acid was calculated from the absorbance at 570 nm. 18) Liver cholesterol analysis. After 4 ml of 2-propanol and 1 g of Al2O3 had been added to 0.5 ml of the homogenate, the mixture was vortexed and then centrifuged at 800×g for 5 min. Three ml of 0.05z FeCl2 in 50z sulfuric acid was added to 2 ml of the supernatant, and the mixture was incubated at 609 C for 15 min. The concentration of cholesterol was calculated from the absorbance at 530 nm. 18, 19) Protein measurement. The protein concentration was determined by the modiˆed Bradford method, using bovine serum albumin (BSA) as a standard. 20) Statistics. All statistical analyses were performed with the TTEST program (a two-tailed, unpaired ttest) in EXCEL software (Microsoft, Redmond, WA, U.S.A.). Values of Pº0.05 are considered to show statistically signiˆcant diŠerences. The rats were stimulated by 75 dB (), 95 dB ($) and 110 dB (#) of noise for 30, 60, 90 and 120 min. The rats not subjected to any noise were used as a control (). Signiˆcant diŠerence from the control is indicated by an asterisk ( * indicates Pº0.05). Each value is presented as the mean±SD for 10 rats. The rats were stimulated by 75 dB (), 95 dB ($) and 110 dB (#) of noise for 30, 60, 90 and 120 min. The rats not subjected to any noise were used as a control (). Signiˆcant diŠerence from the control is indicated by an asterisk (* indicates Pº0.05). Each value is presented as the mean±SD for 10 rats. 
Results
EŠect of noise on the contents of glycogen, lactic acid and cholesterol in the liver of rats
The rats were divided into a non-exposed group and noise-exposed group, the non-exposed group not being subjected to any noise stimulation. The noiseexposed group was divided into 12 sub-groups that were stimulated by noise of 75 dB, 95 dB or 110 dB for 30, 60, 90 or 120 min, respectively. Ten rats were employed in each group. The contents of glycogen (Fig. 1), lactic acid (Fig. 2) and cholesterol (Fig. 3) in the liver of the rats subjected to noise stress were measured.
The content of glycogen in the rat liver was not aŠected by the noise of 75 dB for a duration of 30, 60, 90 or 120 min. Application of the noise of 95 dB for 30 and 60 min reduced the content of glycogen in the liver. However, the amount of glycogen in the liver of the rats subjected to the noise of 95 dB for 90 min was greater than that for 30 and 60 min, and the content of glycogen after application of the noise of 95 dB for 120 min was the same as that before application, showing that the noise of 95 dB transiently reduced the content of glycogen.
The content of lactic acid was also not aŠected by the noise of 75 dB for 30 to 120 min. However, when applying the noise of 95 dB, the content of lactic acid was reduced by 39.5z with 30 min of exposure and reduced by 57.0z, 54.4z and 53.9z with 60, 90 and 120 min of exposure, respectively. Exposure to the noise of 110 dB reduced the amount of lactic acid in the liver of the rats to a level similar to that from the noise of 95 dB for longer than 60 min.
The content of cholesterol in the liver of the rats subjected to the noise of 75 dB was slightly lower than that of the unexposed rats. However, there was no signiˆcant diŠerence in the content of cholesterol in the liver between the unexposed rats and the rats exposed to the noise of 75 dB for 30 to 120 min. The noise of 95 dB slightly reduced the content of cholesterol by 13.4z for 30 min of exposure but not signiˆcantly. The content of cholesterol decreased with increasing duration of the application of 95 dB noise; the content of cholesterol was reduced by 20.7z, 33.9z and 47.7z by the application of 95 dB of noise for 60, 90 and 120 min, respectively. The content of cholesterol progressively decreased after exposure to the noise of 110 dB by 43.4z, 44.4z, 49.2z and 53.4z for 30, 60, 90 and 120 min of exposure.
Alleviation of noise stress by the extract of Astragali radix or Rhodiolae radix
The rats used in the experiments with these extracts were divided into 16 groups that were stimulated by The glycogen content is shown in the liver of unexposed rats () and rats exposed to noise stress without () or with injection of the extract from Astragali (#) or Rhodiolae ($). Signiˆcant diŠerence from the control is indicated by an asterisk (* indicates Pº0.05). Each value is presented as the mean±SD for 10 rats. Figs. 4-6) for 30, 60, 90 or 120 min, respectively, after being injected with the extract of Astragali radix or Rhodiolae radix. Ten rats were employed in each group. The contents of glycogen (Fig. 4) , lactic acid (Fig. 5) and cholesterol (Fig. 6 ) in the liver of the rats treated with the extract of Astragali radix or Rhodiolae radix and subjected to noise stress were measured.
Under exposure to the noise of 95 dB and 110 dB for 30 min and 60 min, the glycogen content in the liver of the rats injected with the extract of Astragali radix or Rhodiolae radix was signiˆcantly higher than that of the non-injected rats (Pº0.05) and approached the level of the rats in the untreated group (Pº0.05). In contrast, under exposure to the noise of 95 dB and 110 dB for 90 min and 120 min, the diŠerence in glycogen content between the rats injected and non-injected with the extract of Astragali radix or Rhodiolae radix was not signiˆcant (PÀ0.05), because the glycogen content in the liver of the untreated rats had recovered by 90 min after exposure to the noise. It is suggested that Astragali radix and Rhodiolae radix suppressed the decrease of glycogen content in the rat liver caused by exposure to the noise of 95 dB and 110 dB for 30 min and 60 min.
Under exposure to the noise of 95 dB and 110 dB for 30, 60 and 90 min, the lactic acid content in the liver of the rats injected with the extract of Astragali radix or Rhodiolae radix was signiˆcantly higher than that of the non-injected rats (Pº0.05). However, the diŠerence in lactic acid content between the rats injected and non-injected with the extract of Astragali radix was not signiˆcant (PÀ0.05) under exposure to the noise of 110 dB for 90 min. The diŠerence in lactic acid content between the rats injected and non-injected with the extract of Astragali radix or Rhodiolae radix was not signiˆcant (PÀ0.05) under exposure to the noise of 95 dB and 110 dB for 120 min. These results show that the Astragali radix and Rhodiolae radix could markedly inhibit the decrease in lactic acid content of the rat liver caused by exposure to the noise.
Under exposure to the noise of 95 dB for 90 min and to the noise of 110 dB for 30, 60 and 90 min, the cholesterol content in the liver of the rats injected The cholesterol content is shown in the liver of unexposed rats () and rats exposed to noise stress without () or with injection of the extract from Astragali (#) or Rhodiolae ($). Signiˆcant diŠerence from the control is indicated by an asterisk (* indicates Pº0.05). Each value is presented as the mean±SD for 10 rats.
with the extract of Astragali radix or Rhodiolae radix was signiˆcantly higher than that of the non-injected rats (Pº0.05) and approached the level of the rats in the unexposed group. However, under exposure to the noise of 95 dB for 30, 60 and 120 min and to the noise of 110 dB for 120 min, the diŠerence in cholesterol content between the injected and noninjected rats was not signiˆcant. These results reveal that the extracts of Astragali radix and Rhodiolae radix could resist the decrease in cholesterol content of the rat liver caused by exposure to the noise of 95 dB for 90 min and to the noise of 110 dB for 30, 60, and 90 min.
These results demonstrate that the glycogen, lactic acid and cholesterol contents in the liver of the medicated rats exposed to the noise were higher than those in the liver of the uninjected rats exposed to the noise and similar to the contents of the control group. Moreover, the recovery eŠect of medication was greater as the exposure time was shorter.
Discussion
Changes in the glycogen and lactic acid contents of the rat liver caused by noise
The content of glycogen in the liver has been found to be susceptible to noise stress and electro-shock. 21) The contents of glycogen and lactic acid in the rat liver were reduced by noise stimulation of 95 dB and 110 dB. It is believed that the noise of 95 dB and 110 dB may have stimulated the excitation of the rat nerves and the secretion of glucagon that activates glycogen phosphorylase to degrade glycogen to glucose in the liver. The glycogen content in the liver after 90 min and 120 min exposure to the noise was higher than that at 60 min. It is thought that longer exposure to noise may elicit the biosynthesis of glycogen to compensate for its initial loss. 22) However, the glycogen content in the liver didn't reach the normal level of the unexposed group during 120 min of noise exposure.
Noise exposure would convert lactic acid into glucose by gluconeogenesis in the liver to recover the content of glycogen. With increasing exposure time to noise, the consumption of glucose and energy would be diminished, whereas the rats would adapt and resist noise via gluconeogenesis. Therefore, the content of glycogen increased even during increased the exposure to the noise, but the content of lactic acid did not increase.
The noise of 75 dB did not aŠect the contents of glycogen and lactic acid. However, the noise of 95 dB was as eŠective as that of 110 dB in reducing these contents, suggesting that there could be threshold to elicit a detrimental eŠect.
Change in cholesterol content of the rat liver caused by noise Exposure to the noise of 75 dB slightly decreased the cholesterol content of the rat liver, exposure to the noise of 95 dB reduced the content with increasing exposure time, and exposure to the noise of 110 dB decreased the content by approximately 50z in 30 min. The cholesterol content did not recover like that of glycogen during the application of noise stress. These results suggest that a selective recovery system could be in operation during noise stress.
Four reasons may account for the reduction in content of cholesterol by noise stress. First is that acetyl-CoA would be consumed in order to maintain homeostasis under noise stress, which would yield ATP so that the rat would be deˆcient in acetyl-CoA to synthesize cholesterol; that is, the rats would be unable to produce cholesterol in the liver. Second is that noise stress would inhibit the activity of HMGCoA reductase which catalyzes HMG-CoA to produce cholesterol in the liver, resulting in a diminishing content of cholesterol. Third is that the noise would stimulate the transport of cholesterol away from the liver cells and the conversion in the liver so that the equilibrium of cholesterol metabolism in the liver would collapse. [23] [24] [25] Fourth is that noise-induced secretion of corticosterone could make the liver convert cholesterol into bile acids. The combined eŠect of these four factors could have decreased the cholesterol content of the liver in the rats subjected to noise stress.
Mitigation of the noise eŠect by Astragali radix and Rhodiolae radix
The experimental results demonstrate that Astragali radix and Rhodiolae radix could mitigate the reduction in contents of glycogen, lactic acid and cholesterol in the liver of the rats exposed to noise. Astragali radix was more eŠective than Rhodiolae radix for the metabolism of glycogen and lactic acid. These results indicate that Astragali radix and Rhodiolae radix can function as phyto-adaptogens and it is possible that both radices might non-speciˆ-cally improve the damage by other types of stress. However, the physiological study of the metabolic regulation by these radices and the identiˆcation of compounds to relieve noise stress will need to be conducted further.
Conclusions
Noise stress reduced the contents of glycogen, lactic acid and cholesterol in the liver of rats to perturb their homeostasis. However, Astragali radix and Rhodiolae radix suppressed the reduction in the contents of glycogen, lactic acid and cholesterol caused by noise in the rat liver. These results suggest that both radices are eŠective suppressors against noise stress.
